Forty-six anaerobic gram-negative bacilli, including 26 members of the Bacteroides fragilis group (BFG), were examined for capsules by the India ink technic. Thirty-five were encapsulated, including all the BFG strains. As a follow-up, seven of these isolates and two previously studied reference strains (B. fragilis ATCC 23745 and Bacteroides vulgatus ATCC 8482) were examined for capsules by ultrastructural cytochemistry. Using the periodic acid thiocarbohydrazide silver proteinate (PATCSP) method of Thiery, all the BFG examined were encapsulated. In addition to the reference strains, this included one strain of B. fragilis and four of Bacteroides thetaiotaomicron. One non-BFG strain showed no capsular material. Differences between these results and those reported previously with the ruthenium red technic may reflect species differences in the chemical composition of Bacteroides capsules.
arations and ruthenium red-stained preparations examined by electron microscopy. They postulated that its presence contributed to the unique virulence of B. fragilis. It has become evident, however, that other species of Bacteroides may possess capsular material.
1 ' 2 ' 2 ' 4 " 17.24.26,29 j n j s p a p e r describes the presence of electrondense capsular material in multiple members of the BFG, using ultrastructural cytochemical technics designed to demonstrate polysaccharides.
Materials and Methods

Bacterial Strains and Growth Conditions
B. fragilis ATCC 23745 and B. vulgatus ATCC 8482 were purchased from the American Type Culture Collection (Rockville, MD). The remaining strains were clinical isolates from the Clinical Microbiology Laboratories of the Arizona Health Sciences Center obtained using Gaspak® jars (BBL, Cockeysville, MD), and brucella agar base media supplemented with hemin, menadione, L-cysteine, and laked or defibrinated blood. Selective media contained kanamycin and vancomycin. BFG strains were separated from other anaerobic gramnegative rods by kanamycin resistance (1,000-Mg disc) and growth on trypticase soy agar containing 20% bile. 28 Speciation was based on indole production and fermentation of glucose, trehalose, mannitol, and rhamnose. 25 Organisms not tested immediately were stored at -60°C in fetal calf serum. Strains of Klebsiella pneumoniae, Streptococcus pneumoniae, and Staphylococcus aureus were from the culture collection of the Clinical Microbiology Laboratories.
India Ink Preparations
Young colonies grown on brucella agar at 35°C were examined for encapsulation by the India ink method of Butt and co-workers. 4 Organisms were suspended in a small drop of 5% dextrose, mixed with Pelikan brand India ink, and then spread to a thin layer over a clean glass slide. Dried, methanol-fixed slides were stained with crystal violet and examined under oil immersion (1,000X). Bacteria were considered encapsulated when a distinct clear zone at least half the width of the bacterial cell surrounded the entire cell circumference of over 50% of the organisms. India ink preparations were interpreted independently by two of us (GHS, KJR), without knowledge of the cultural or electron microscopic results.
Electron Microscopy
Organisms were grown for 48-72 hours in modified thioglycollate broth (Difco) and/or API basal media (Analytab Products Inc., Plain view, NY). Aliquots of the bacterial suspensions were spun in conical test tubes at 2,500 rpm for 10 minutes in a Sorvall GLC-1 tabletop centrifuge. Pellets were fixed for 2 hours in 3% glutaraldehyde in 0.1 M phosphate buffer (pH 7.2). The fixative was then replaced with 0.1 M phosphate buffer containing 10% sucrose and the cells allowed to rinse overnight. The cell pellets were then dehydrated through a graded series of ethanols and embedded in Spurr's epoxy resin. 23 Ultrathin sections of gold interference color were cut on a duPont/Sorvall MT2-B ultramicrotome using diamond knives and placed on 300-mesh gold grids. The grids were treated according to the periodic acid thiocarbohydrazide silver proteinate (PATCSP) method of Thiery 27 for the demonstration of polysaccharides. The grids were immersed in 1% aqueous periodic acid at room temperature for 1 hour, then rinsed in three changes of distilled water for 5 minutes each. They were then incubated at 60°C for 90 minutes in 1% thiocarbohydrazide (made up in 5% acetic acid). The grids were washed in 5% acetic acid at 40°C for 5 minutes, followed by a distilled water rinse, and then immersed in a 1% aqueous silver proteinate solution (pH 6.6-6.8) for 45 minutes in the dark. The grids were rinsed in three changes of distilled water and examined without counterstaining under a Hitachi® HU-12 electron microscope. Control grids were prepared by immersing them in distilled water instead of periodic acid oxidation for 1 hour and otherwise processed as described above. Material from the same preparations was examined by the india ink method.
Results
Of 46 anaerobic gram-negative rods isolated from clinical specimens, 26 were members of the BFG. Twenty-one of these were B. fragilis, one B. ovatus, and four B. thetaiotaomicron. The other twenty non-BFG anaerobic gram-negative rods were not characterized further. The identification of all BFG examined by electron microscopy was confirmed additionally by the State of Arizona Department of Health Services. The one non-BFG isolate examined by electron microscopy did not survive freezing and subculture and could not be identified further. All 26 clinical isolates of BFG, and both reference strains (B. fragilis ATCC 23745 and B. vulgatus ATCC 8482) showed capsules by the India ink method. Of the twenty non-BFG anaerobic gram-negative rods, nine were encapsulated.
Seven Bacteroides strains and single isolates of K. pneumoniae, S. pneumoniae, S. aureus, and a non-BFG anaerobic gram-negative rod were examined under the electron microscope using the PATSCP technic. S. aureus showed only a cell wall (Fig. 1,4 ), but bacteria generally known to possess polysaccharide capsules such as S. pneumoniae and K. pneumoniae showed electrondense capsular material (EDCM) surrounding each cell external to the cell wall (Figs. \B and 1C) . The appearance of the EDCM varied depending on the bacterial species (Fig. 1) . The EDCM surrounding K. pneumoniae had a smooth contour (Fig. 1C) while that of the pneumococcus appeared scalloped (Fig. 15) . Control grids omitting the periodic acid oxidation step showed no surface EDCM (Fig. ID) . The electron-dense cytoplasmic particulate material stained by the PATCSP procedure (Figs. IB, \C, 2A, and 2C) most likely represents glycogen. Control grids showed no surface EDCM or intracellular glycogen (Figs. ID, 2B , and 2D). Glycogen is also seen in Figures 3A-D .
The reference strains of B. fragilis and B. vulgatus both showed surface EDCM external to the cell wall (Fig. 2) . The EDCM was uniform around B. fragilis ATCC 23745 ( Fig. 2A) and coarsely granular around B. vulgatus ATCC 8482 (Fig. 2C) . Figure 3 shows two clinical isolates of B. thetaiotaomicron (Figs. 3A and 3B ) and one each of B. fragilis (Fig. 3C ) and the non-BFG strain (Fig. 3D) . The non-BFG anaerobic gram-negative rod was selected for ultrastructural study because it was negative for capsular material by the India ink technic. It was the only anaerobe studied by electron microscopy which failed to show surface EDCM, although intracellular glycogen was readily identified (Fig. 3D) .
A summary of bacteria examined by both India ink and electron microscopy, including two clinical isolates of B. thetaiotaomicron not shown in the figures, is shown in Table 1 . Both B. fragilis strains and the five nonfragilis BFG revealed capsular material by both methods. India ink and ultrastructural PATSCP technics agreed as to the presence of capsules for all bacteria examined (Table 1) .
Discussion
A number of lines of research point to the importance of the capsule as a virulence mechanism for B. fragilis. In particular, the studies of Kasper and co-workers have not only demonstrated capsules morphologically, but have also shown immunologic specificity and some functional correlates. 8 -919 - 21 B. fragilis capsular material causes experimental abscesses even when no viable cells are present, a feature not found with pneumococcal polysaccharide. 19 The B. fragilis capsule retards phagocytosis 21 and has been shown to be immunogenic in animals" and humans. 10 Evidence for the presence of capsules in anaerobic Since narrow capsules (0.2 HM and less) cannot be distinguished from diffraction halos at the light microscopic level, 3 many investigators have attempted to identify capsules by electron microscopy using ruthenium red staining. Kasper and co-workers identified capsules on B. fragilis 89 and others have identified capsular material by electron microscopy on 596 STROHM, PAYNE, AND RYAN A.J.C.P.
• May 1983 24 This study began as an attempt to use the India ink method as a simple and rapid way to distinguish B. fragilis from other Bacteroides species in the clinical laboratory. Although India ink observations are subject to some interpretive judgment, many of the non-fi. fragilis strains we examined clearly had capsules. We undertook this ultrastructural cytochemical study in an effort to confirm these observations.
Using the PATCSP technic we examined clinical isolates of B. fragilis, B. thetaiotaomicron, and a non-BFG strain by ultrastructural cytochemistry. In addition, we included the ATCC strains.of B. fragilis and B. vulgatus which had been examined by Kasper using the ruthenium red method. 9 Our findings using the PATCSP technic confirm the work of others who have shown capsules on B. fragilis $9A2
and B. thetaiotaomicron 12 using ruthenium red. In addition, we found capsules on B. vulgatus.
There is agreement in most ultrastructural reports concerning the presence of capsules on B. fragilis, but some disagreement concerning the other BFG species and anaerobic gram-negative rods in general. This could be due to strain differences, but technical factors are likely to be responsible as well. For example, the most commonly used cytochemical method for the ultrastructural detection of capsules has been ruthenium red. There are good reasons for this. This technic has demonstrated clear, thick' capsules while preserving the cell wall and unit membrane morphology. In this procedure the ruthenium red is present during both the glutaraldehyde and osmium fixation steps which stabilizes the capsular polysaccharide prior to the dehydration procedure. Ruthenium red, however, reacts predominantly with acid polysaccharides'
3 and may not demonstrate capsular material with a neutral or positive charge. In contrast, the PATSCP reaction is based on the presence of adjacent diol groups irrespective of the charge of the polysaccharide polymer. 2227 Our demonstration of capsular material by PATSCP in two unrelated genera known to have polysaccharide capsules (K. pneumoniae and 5". pneumoniae) but not in S. aureus supports the general nature of the PATSCP reaction.
PATSCP staining does not quantitatively preserve capsular material as well as ruthenium red, because the reaction is run on sectioned material after dehydration. This most probably accounts for the fragmentary nature of some of the EDCM shown in Figures 1-3 . In addition, cellular detail is not as distinct because of the absence of osmium fixation, but the unit membrane(s) and cell wall still can be identified in most cells.
This study was undertaken to examine encapsulation in B. fragilis versus other members of the BFG and to evaluate the PATCSP technic for capsule detection. The negative result with one non-BFG strain examined by electron microscopy indicates the PATCSP reaction is not positive with all anaerobic gram-negative rods, but does not allow any generalization concerning non-BFG species. This deserves further attention since some of these strains were India ink positive.
Our results confirm the presence of a polysaccharide capsule in B. fragilis and demonstrate that other species of the BFG may be encapsulated as well. They also suggest the utility of the PATCSP technic to demonstrate capsules which do not have an acid polysaccharide composition and thus fail to react with the ruthenium red method. Despite the growing evidence for the distinctive nature of the B. fragilis capsule, 8 1 0 " 1 9 it is still possible that capsules in other species may act as a virulence factor at another level which separates them from species which virtually never cause disease. This question deserves further study, but cannot be assessed from this study since we only examined clinical isolates. In addition to India ink, it may be necessary to use more than one cytochemical stain in ultrastructural studies before concluding capsules are absent.
